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PBSTMCT 

An open ion source k s s  Spectrometer is used with an Omegatron Mass Spec- 
trometer in the Thermosphere Probe Experiment to measure atmospheric gas den- 
sity and composftion. Expressions are given relating the ambient number den- 
sity of each gas to the gas density in the ionization region and suggestions 
are made on how they should be applied. 

Possible reeombination and thermal accommodation of the gases on the 
probe surfaces are considered and coatings are suggested for optimal accuracy. 
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INTROD'JCTION 

In the Thermosphere Probe experiment, two mass spectrometers, a Quadrupole 
and an Omegatron, will be used simultaneously to measure gas density, comp3si- 
tion, and temperature in the upper atmosphere. The Thermosphere Probe, sh3wn 
in Fig. 1, is an ejectable instrument developed to carry a variety of measur- 
ing devices into the thermosphere. The Quadrupole and the Omegatron will oc- 
cupy opposite ends of the cylinder; the remaining space is occupied by other 
experiments and auxiliary subsystems which make the probe completely self-con- 
tained. 

Before launch, the Quadrupole and the Omegatron are calibrated together 
on an ultra-high vacuum system for the various gases which they will measure. 
While under this high vacuum, both instruments are sealed and inserted into the 
Thermosphere Probe. The seals are not broken until the Thermosphere Probe 
is ejected from the launch vehicle into the thermosphere. This prscedure guards 
against contamination of the instruments and reduces the time required for 
the gauge volume to reach equilibrium with the atmosphere. 

When the probe is ejected from -the launch vehicle, it is caused to tumble 
so that the cylinder rotates in a plane with a constant angular frequency. 
Since the Quadrupole and Omegatron are located on the ends of the cylinder, 
their orientations with respect to the velocity vector of the center of mass 
of the probe vary periodically with time. The initial calibration of the in- 
struments alone is not sufficient to handle this situation, since in the cal- 
ibration particles possess only random thermal velocity with respect to the 
instruments. The Omegatron mass spectrometer is coupled to the atmosphere 
through a knife edge orifice permitting the use of the well known "F(s)" re- 
lationship (Ref.1) to treat the moving instrument. 
the Quadrupole Spectrometer is immersed inthe atmosphere. In this paper ex- 
pressions are derived which relate this case of the moving instrument (or mov- 
ing gas) to that of the stationary instrument. 

The ionizing source of 
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Figure 1. The Thermosphere Probe and nose cone. 



QUADRUPOLF: I O N  SOURCE CHAFtACTERISTICS 

The ion source employed i n  t h e  Quadrupole w a s  o r g i n a l l y  developed f n r  ap- 
p l i c a t i o n  i n  t h e  Explorer 17  S a t e l l i t e .  It i s  designed t o  provide a beam of' 
ions  p ropor t iona l  t o  t h e  n e u t r a l  gas dens i ty  and focus them i n t o  t h e  Quadru- 
po le  ana lyser .  Tt was intended t o  provide an ion iz ing  reg ion  which most am- 
b i e n t  gas  p a r t i c l e s  could reach without c o l l i s i o n  and consequent su r face  
i n t e r a c t i o n  thus  pe rmi t t i ng  d i r e c t  i n t e r p r e t a t i o n  of measurements of h ighly  
r e a c t i v e  gases  ( e .  g . ,  atomic oxygen) . 

Ion iz ing  e l e c t r o n s  a r e  obtained by thermal  emission from a heated tungsten-  
rhenium f i lament  ( F i g .  2 ) .  They a r e  acce lera ted  wi th  a g r i d ,  forced by a mag- 
n e t i c  f i e l d  t o  t r a v e l  a long an a r c ,  and co l l ec t ed  a t  t h e  anode (F ig .  2) . Ion- 
i z a t i o n  of t h e  atmospheric gas p a r t i c l e s  occurs  throughout t h i s  a r c ,  bu t  only 
those  p a r t i c l e s  which are ionized i n  t h e  shaded reg ion  of t h e  a rc  are focused 
i n t o  t h e  analyzing s e c t i o n  of t h e  instrument.  

The focusing of t h e  p a r t i c l e s  i s  accomplished wi th  a r e p e l l e r  g r i d  and 
an i n t e r n a l  l e n s  system. The ou te r  screen i s  kept  a t  zero p o t e n t i a l  t o  nul-  
l i f y  t h e  e f f e c t  of t h e  e l e c t r i c  f i e l d s  used i n  t h e  Quadrupole ion source on 
t h e  o t h e r  instruments  i n  t h e  probe and k s a n e g l i g i b l e  e f f e c t  on t h e  measure- 
ment i t s e l f .  The inne r  g r i d  i s  a t  a p o t e n t i a l  which s imultaneously r e p e l s  
ambient atmospheric ions and f o r c e s  the  ionized gas p a r t i c l e s  i n  t h e  d i r e c t i o n  
of t h e  l e n s  system. The ions  e n t e r  t he  l e n s  system through an o r i f i c e  i n  t h e  
a c c e l e r a t o r  e l ec t rode .  The l e n s  system e s t a b l i s h e s  a f i e l d  which focuses  
t h e  ion  beam i n t o  t h e  ana lyse r  sec t ion .  

To r e l a t e  t h e  cu r ren t  of t h e  ion  beam t o  t h e  n e u t r a l  gas dens i ty ,  it i s  
necessary  t o  e s t a b l i s h  a r e l a t i o n s h i p  between t h e  ambient p a r t i c l e  dens i ty  
and t h e  d e n s i t y  i n  t h e  shaded reg ion  ( F i g .  2 ) .  This  r e l a t i o n s h i p  and t h e  
l a b o r a t o r y  c a l i b r a t i o n  of t h e  Wadrupole permits  t h e  de te rmina t ion  of t h e  am- 
b i e n t  gas  d e n s i t y  i n  terms of t h e  ion  cu r ren t  measured by t h e  Quadrupole. 
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DENSITY I N  THE I O N I Z A T I O N  FU3GION 

Because of  t h e  low ambient gas dens i ty  i n  t h e  thermosphere, t h e  mean free 
pa th  of t h e  p a r t i c l e s  i s  much l a r g e r  than t h e  dimensions of  t h e  probe. 
r e s u l t ,  v i scous  e f f e c t s  can be  neglected and each p a r t i c l e  can be regarded 
independent ly  of a l l  o thers .  

A s  a 

The d e n s i t y  of  any one gas i n  t h e  i o n i z a t i o n  reg ion  can be regarded as 
t h e  sum of  s i x  d i f f e r e n t  con t r ibu t ions :  

I. Direc t  s t reaming p a r t i c l e s ;  t hose  which e n t e r  t h e  i o n i z a t i o n  reg ion  
without  having i n t e r a c t e d  with t h e  probe. 

11. P a r t i c l e s  which s t r i k e  t h e  t o p  deck; 

a. Specular ly  r e f l e c t e d  p a r t i c l e s  

Those which s t r i k e  t h e  deck and r eve r se  t h e i r  v e l o c i t y  normal t o  
t h e  deck. 

b. D i f fuse ly  r e f l e c t e d  p a r t i c l e s  

Those which s t r i k e  t h e  deck and bounce o f f  according t o  t h e  
cos ine  l a w  and keep t h e i r  o r i g i n a l  ve loc i ty .  

c. Di f fuse ly  r e f l e c t e d  and accommodated p a r t i c l e s  

Those p a r t i c l e s  which s t r i k e  t h e  deck and are re-emi t ted  accord- 
i n g  t o  t h e  cos ine  l a w  b u t  remain on the  deck long enough t o  become accommodated 
t o  t h e  temperature  of  t h e  deck and, t he re fo re ,  change t h e i r  c h a r a c t e r i s t i c  v e l -  
oc i ty .  

111. P a r t i c l e s  from t h e  o r i f i c e  

Those p a r t i c l e s  which e n t e r  through t h e  a c c e l e r a t o r  o r i f i c e  with-  
ou t  i o n i z a t i o n  and e x i t  ( through t h e  o r i f i c e )  after accommodating t o  t h e  ion 
source  temperature .  

I V .  P a r t i c l e s  which emanate from su r faces  of t h e  instrument;  he re in  
c a l l e d  background . 

P a r t i c l e s  r e f l e c t e d  from t h e  e x t e r n a l  g r i d s  i n t o  t h e  ion iz ing  reg ion  are 
es t ima ted  t o  be less  than  2% of t h e  t o t a l  and t h e i r  con t r ibu t ion  t o  t h e  dens i ty  
i n  t h e  i o n i z i n g  reg ion  i s  neglected.  

5 



The total density nt can then be written, 

+ a n  + a2n + a3n + n  + n  1 n = n  t 
direct specular diffuse diffuse acc. orifice background 

The coefficients al, a2 and a3 denote the ratios of number of particles leav- 
ing the deck in specular, diffusive or thermally accommodated reflection to 
the total number of particles striking the deck. Regarding the particles 
reflected from the deck as three distinct groups is an approximation, since 
in reality particles come off the deck according to a distributuion which is 
between specular and diffuse and with a temperature between their original 
one and that of the deck. However, little success has been met with in treat- 
ing them as such, so this approximation has been made. 



CALCULATIONS 

I. DIRECT STREAMING 

The d e n s i t y  due t o  d i r e c t  streaming has been ca l cu la t ed  assuming t h a t  
t h e  gas  has t h e  Maxwell Boltzmann v e l o c i t y  d i s t r i b u t i o n .  
system is f ixed  t o  t h e  source ( s e e  Fig. 3 ) ,  t h e  number of  p a r t i c l e s  pe r  u n i t  
area and u n i t  t ime i n  t h e  v e l o c i t y  i n t e r v a l  f + d f  and f e n t e r i n g  the ion- 

If a coord ina te  

i z a t i o n  reg ion  w i l l  be:  
-P + +  

d? = K v f(vlu)  d v  

~ 
where IC i s  t h e  t ransparency  of the  screen, f is  t h e  v e l o c i t y  of the p a r t i c l e s ,  
and 

f(f,t) = I. exp (- $) i s  t h e  Maxwell Boltzmann 

I v e l o c i t y  d i s t r i b u t i o n  of a moving medium 

no = ambient p a r t i c l e  d e n s i t y  

Co -e - - most probably thermal v e l o c i t y  

I 

k = 1.38 x 10'23 Jou le s  /OK Boltzmann cons tan t  

To = abso lu te  gas  temperature OK 

m = mass of p a r t i c l e  

u = v e l o c i t y  of  t he  instrument + i 
s =  = speed r a t i o  

CO 

s z  = q uz = z component of the  speed r a t i o  

From t h e  f l u  Equation (l), t he  d e n s i t y  i s  obtained by d i v i d i n g  by t h e  ! 
v e l o c i t y .  Re fe r r ing  t o  Fig.  3, it c a n  be seen t h a t  t h e  only p a r t i c l e s  which 
r each  t h e  i o n i z a t i o n  reg ion  w i l l  be those  which a r e  not shadowed by t h e  cyl-  
i nde r .  Thus, i f  t h e  v e l o c i t y  d i s t r i b u t i o n  i s  in t eg ra t ed  over t h e  v e l o c i t y  
space,  t he  cone of h a l f  angle  01 must be excluded. It is  more convenient,  
however, t o  i n t e g r a t e  over  t h e  cone and s u b t r a c t  i t s  con t r ibu t ion  from t h e  
t o t a l  d e n s i t y  no. 
t h e  flow through t h e  cone of h a l f  angle  01 i n  c y l i n d r i c a l  coord ina tes  i s :  

The number dens i ty  i n  t h e  i o n i z i n g  region r e s u l t i n g  from 
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I With some manipulation ( s e e  Appendix) t h i s  express ion  can be reduced t o :  

where 

The d i r e c t  streaming i s  then  given as: 

n 
d i r e c t  

= K(no - ne) = 

I 

l 11. REFLECTION FROM THE SURFACE 

a. Specu la r ly  Ref lec ted  P a r t i c l e s  I 
I The flow due t o  specu la r ly  r e f l e c t e d  p a r t i c l e s  can be ca l cu la t ed  by con- 

s i d e r i n g  t h e  flow i n t o  t h e  image of  the  source as ind ica t ed  i n  Fig.  3. The 
c a l c u l a t i o n s  are i d e n t i c a l  t o  t hose  of t h e  previous paragraph except t h a t  t he  
d i f f e r e n c e  of t h e  flow through t h e  cones of  h a l f  angle  01, and e2 has t o  be 
found and Sz has t o  be rep laced  by (-Sz).  

I 

We have 

where t h e  

( 9 )  
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and & (€3) and H( Sz,Sy, e) are given i n  Equation ( 4 )  t o  ( ( )  . 
b. Di f fus ive ly  Ref lec ted  P a r t i c l e s  

Here w e  consider those  p a r t i c l e s  which c o l l i d e  with t h e  t o p  s u r f a c e  b u t  
do not  thermally accommodate t o  t h e  su r face .  Due t o  t h e  roughness o f  t h e  s u r -  
face,  they  a r e  r e f l e c t e d  d i f f u s i v e l y  ( c o s i n e  l a w )  without change i n  v e l o c i t y .  

The f l u x  through t h e  i o n i z i n g  reg ion  i s  then  t h e  outgoing f l u x  times t h e  
s o l i d  angle  subtendedbythe  s u r f a c e  A as seen from t h e  i o n i z i n g  region. 

We have 

RS = r  - 
4Jr r 

source ou t  

r i s  t h e  outgoing f l u x  r e f e r r i n g  t o  Fig. 3 
o u t  el 

dA 'Os 2 e = 1 1 s i n  8 d4 de 
e 

Rs = [ 
s u r f a c e  A e2 0 

= 2~r ( C O S  e2 - COS el) 

Equating t h e  incoming and outgaing f l u x  on t h e  su r face ,  w e  o b t a i n  t h e  s u r f a c e  
d e n s i t y  ns as a s p e c i a l  case o f  equat ion (8) (81 = 90" )  

and t h e  d e n s i t y  i n  t h e  i o n i z i n g  region 

[I+ e r f ( S z )  1 [cos e2 - cos el 1 0 
n 

- RS 
- "s G = - 2 n 

d i f f u s e  

c .  Thermally Accommodated P a r t i c l e s  

Equating the incoming and outgoing s u r f a c e  f l u x :  

- - 
n s  Ci f ( S Z )  = - no co K -  

4 4 

10 



where n i s  t h e  s u r f a c e  d e n s i t y  
S 

- 
C i  i s  t h e  average v e l o c i t y  o f  t h e  emi t t ed  p a r t i c l e  

This  r e l a t i o n  was d iscussed  by Spencer, e t .  al. ,  R e f .  1. Therefore,  we ob- 
t a i n  for t h e  d e n s i t y  i n  t h e  i o n i z i n g  region similar t o  (b )  above: 

n = n  Rs - = K -  no J 2 f(Sz) [cos e* - cos 811 431 2 
acc.  

111. STREAMING FROM THE ORIFICE 

Following t h e  procedure i n  I1 ( c ) ,  t h e  d e n s i t y  i n  t h e  i o n i z i n g  reg ion  
i s  g iven  as 

= Kno/2  f (Sz )  QO 4;; n 
o r i f i c e  

where Qo i s  t h e  s o l i d  ang le  sub tendedby the  o r i f i c e  as seen from t h e  i o n i z i n g  
reg ion  

It can be  w r i t t e n  

and t h e  o r i f i c e  t e r m  becomes 
I 

Inev i t ab ly ,  s u r f a c e  absorbed gases  are c a r r i e d  t o  t h e  reg ion  of  measure- 
ment. These gases  then  emanate i n  f l i g h t  a t  a rate assumed cons tan t  and con- 
t r i b u t e  t o  t h e  p a r t i c l e  d e n s i t y  i n  the  i o n i z i n g  region. 
c o n t r i b u t i o n .  

This i s  t h e  background 
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RESULTS 

The r a t i o  of the f i r s t  f i v e  terms t o  t h e  ambient number d e n s i t y  computed 
from the  equat ions above a r e  p l o t t e d  i n  F igs .  4-6 as  func t ions  of t h e  angle  of 
a t t a c k  a, where i s  def ined  as the  angle  between the  normal t o  t h e  top  deck 
and the  v e l o c i t y  vec to r ,  and Sz = S cos a and Sr = S s i n  a. The va lues  S = 1, 
2,  3 cover the range seen dur ing  a normal Thermosphere Probe f l i g h t .  The 
r a t i o  of t o t a l  d e n s i t y  t o  ambient d e n s i t y  i s  a l s o  p l o t t e d  i n  F ig .  7 as a func- 
t i o n  of a: f o r  t he  t h r e e  values  of S.  

In  t h i s  t o t a l ,  no specu la r  r e f l e c t i o n  term i s  included (al = 0 ) .  It has  
been assumed t h a t  on a molecular s c a l e ,  t he  sur face  of the  top  deck i s  rough 
enough t o  e l imina te  t h e  p o s s i b i l i t y  of specu la r  r e f l e c t i o n .  

Since the exper imenta l ly  measured thermal accommodation c o e f f i c i e n t s  f o r  
"almost" c lean su r faces  are on t h e  o rde r  of 0.2, a3 w a s  taken a s  0 .2  and a2  a s  
0.8. For t h e  Quadrupole source , parameters GI1 and e2 a r e  el = 78.79" and 0 2  = 

37- 9". 

C lea r ly ,  t h e  su r face  terms a r e  major c o n t r i b u t o r s  a t  small ang le s  of a t -  
t ack .  Large e r r o r s  could,  t h e r e f o r e ,  be caused by u n c e r t a i n t i e s  i n  t h e  coef-  

Since the  su r face  terms vary  more r a p i d l y  wi th  the  angle  of f i c i e n t s  a 
a t t a c k  than does the  d i r e c t  s t reaming term, the  p a r t i c l e  d e n s i t y  i n  the  ion iz -  
i ng  reg ion  w i l l  be l e s s  s e n s i t i v e  t o  the  c o e f f i c i e n t s  al 3 a t  l a r g e  angles  
of a t t a c k .  However, a t  l a r g e  angles  of a t t a c k  o t h e r  l i m i t a t i o n s  such as  the  
u n c e r t a i n t y  i n  t h e  a spec t  information become more s i g n i f i c a n t .  

l j 2 j 3 '  

J J  

For the  measurement of atomic oxygen, t he  o r i f i c e  c o n t r i b u t i o n  w i l l  be 
reduced s i n c e  much of t h e  atomic oxygen w i l l  recombine i n  c o l l i s i o n s  behind 
the  o r i f i c e .  If t h e  recombination c o e f f i c i e n t  f o r  atomic oxygen on the  ma- 
t e r i a l  used f o r  t h e  deck and wa l l s  of t he  source i s  known, the  e f f e c t  o f  re- 
combination can be c a l c u l a t e d .  I n  Fig.  2 a d e t a i l e d  view i s  given of t he  
chamber behind the  o r i f i c e  of t he  ion  source.  The chamber i s  connected t o  
t h e  ambient atmosphere through the  o r i f i c e  and t h e  annulus formed by t h e  base 
of the  ground screen  and t h e  deck. The Quadrupole ana lyze r ,  which i s  separ -  
a t e l y  vented,  i s  connected t o  t h e  chamber by the  small nozzle  ( x )  . 
flow through t h i s  nozzle  can be neglec ted .  
atoms en te r ing  the  chamber through the  o r i f i c e  and the  annulus  i s  known, and 
the  p r o b a b i l i t y  t h a t  any one p a r t i c l e  w i l l  l e a v e  a f t e r  one bounce i s  a l s o  
known, then the number of p a r t i c l e s  l eav ing  a f t e r  any bounce can be ca lcu-  
l a t e d .  
one bounce, the number of oxygen atoms l eav ing  a f t e r  one bounce i s  An1 = 
nop( l -7)  where no i s  the  i n i t i a l  number d e n s i t y  of oxygen atoms and p i s  the  
p r o b a b i l i t y  of l eav ing  a f t e r  one bounce. After two bounces 

The gas 
If t h e  number d e n s i t y  of oxygen 

If recombination occurs  and 7 i s  t h e  p r o b a b i l i t y  of recombining a f t e r  

1 2  



A = n -DIFFUSE ACC. 
B = n-DIRECT 
C = n -ORIFICE 
D = n-DIFFUSE 
E = n -SPECULAR 

s =  I 

Figure 4. 
the ionizing region versus angle of attack for S = 1. 

Theoretically derived contributions to the density in 



ANGLE OF ATTACK 
Figure 5.  
t h e  ion iz ing  region versus  angle  of a t t a c k  f o r  S = 2.  

Theore t i ca l ly  der ived c o n t r i b u t i o n s  t o  t h e  d e n s i t y  i n  
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s = 3  

0 c 
\ 
c 

ANGLE OF ATTACK 
Figure 6. 
t h e  i o n i z i n g  reg ion  versus  angle of a t t a c k  for S = 3.  

T h e o r e t i c a l l y  der ived c o n t r i b u t i o n s  t o  t h e  d e n s i t y  i n  
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IO 
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ANGLE OF ATTACK 
Figure 7. The t h e o r e t i c a l  d e n s i t y  i n  t h e  i o n i z i n g  reg ion  versus 
angle  of a t t a c k  with a1 = 0, a2 = .8 and a3 = .2. 
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i - 1  
Ani = pno (1 - p) (1 - Y ) i  

The total number of oxygen atoms which leave the orifice is then 

This series terminates due to the fact that a fraction of a particle cannot 
exist in the gauge. 
(1 - r )m 
is geometric 

m is, therefore, the first number such that no Vp(1 - p)m-l 
< 1 where Vis the volume of the chamber, Summing the series, which - 

The term [ ( l - p )  (1-7) Irn will be negligible, since [ ( l - p )  (1-7) Im s(l/Vno) 
[(l-p)/p),Vno is expected to be at least lo8 m d  it will be shown that p = 
10-2. Therefore, [ (  1-p) (1-7) Im a and 

The probability of escape after one bounce can be estimated by considering 
the time response of the gauge. If at a given time, no particles are in the 
chamber, and these particles alone are considered. then the particle density 
will decrease exponentially with time n(t) = noe-t/T, where T is  the chamber 
time constant. 
ductance of the orifice and the annulus. T = (V/1/4 e), where V is the vol- 
ume of the chamber, 1/4 u V is the conductance, u is the total area Jf Jpen- 
ings, and 'iT is the average velocity of the gas particles. If to is the aver- 
age time for a particle to travel from one wall to another, then the decrease 
in the number of particles after each bounce is given by 

T is the ratio of the volume of the chamber to the gas con- 



An = no(t) - no(t + to) 

After the ith bounce 

Ani = no [(i - l)to] - no(ito) 

(i -1) to 
= no [exp ( ) - exp (i>)1 

, comparing this to equation 22 and disregarding recombination. 

An. 1 = pno(l - p) i-1 = no [1 - exp k>)].xp ((i -1) 2) 
I 

(2E) 

we obtain p = 1 -exp (- to/?). This reduces to p z to/T if to/T to 
can be approximated by considering a characteristic length of the chamber 1, 
and the average velocity of the gas, to = l/T. Then p = (1-exp ( - l 0 / 4 V )  ) . 
For the Quadrupole, 0 .8 cm2, V = 50 c d ,  1 3 cm and p P 1.2 X 10-2. With 
these values, the ratio R of the number of oxygen atoms leaving to those en- 
tering has been computed as a function of y, and the results are plotted in 
Fig. 8. Since the value of p has been approximated and since the method it- 
self is an approximation, this function has also been plotted for p having 
the values 10-I and 10-3 to estimate possible errors. 
most values of y, a change in p causes a large variation in the value of R. 
Only when 7 is greater than .3  do variations in p have little effect; and in 
this case, essentially all the atomic oxygen has recombined. Other pos- 
sibilities which also lead to predictable results include: (1) the use of 
surfaces that absorb atomic oxygen completely and (2) determination of the 
time constant of the gauge more exactly by direct experiment. 

< < 1. 

As can be seen, for 

If p is determined with sufficient accuracy and a material with an estu?T- 
lished y can be chosen, then the ratio of the number of atomic oxygen atJms 
leaving to those entering will be known. In this case, the densities of atomic 
oxygen and molecular oxygen in the ionization region are 
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I 

P(I -7) I *  
R =  

Figure 8. 
recombination coe f f i c i en t  of the  inner surfaces.  

The recombination probabi l i ty  f o r  atomic oxygen versus 



+ $ [a;'n(o) + a;n(o) + a"n(o)  I + $ (1 - R) n(o)  
spec. d i f f u s e  3 d i f f u s e  acc. o r i f i c e  

(30)  

The prime on t h e  a ' s  t a k e  i n t o  account t h e  p o s s i b i l i t y  of $Afferen t  
r e a c t i o n s  f o r  0, O2 and recombined 0. 

s u r f a c e  
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DATA €EDUCTION 

The ambient p a r t i c l e  d e n s i t y  can be, i n  p r i n c i p l e ,  obtained from Equation 
(1) provided a l l  t h e  parameters,  inc luding  t h e  ambient temperature,  a r e  known. 
It is, however, more convenient t o  take,  as i s  done i n  t h e  Omegatron exper i -  
ment, t he  2 i f f e r e n c e  of two measurements of  oppos i te  o r i e n t a t i o n ,  R e f .  1. 

Ani = ni (S,) - ni ( -Sz)  

= n (s,) - n(-s,) + a l [ n  ( S Z )  - n (-sz) I + 
d i r e c t  d i r e c t  ref i e c t  r e f l e c t  

no A/: ~n s, + no J R  s, 
a3 1 

a2 no A erf(S,)  + 

where A and B are cons t an t s  depending on t h e  source geometry only (see Fig. 3) 

and if we assume no specu la r  r e f l e c t i o n  

Ani = n (S,) - n (-S,) + no [a2 A e r f  (S,) + (a3 A + B) (34) 
d i r e c t  d i r e c t  

U Z  

T i  C i  
= /3 S, = - equat ion (34) becomes 

Ani = n (S,) - n (-S,) + no [a;! A e r f  (S,) + (a3 A + B) Sr: Siz I (35 )  
d i r e c t  d i r e c t  

The f i r s t  t h r e e  terms i n  (35) contain t h e  ambient temperature,  b u t  t h i s  
can be  obtained independently from t h e  Omegatron measurement, o r  from an i t -  
e r a t i o n  For l a r g e  values  
of  S and S,, t h e s e  terms a r e  i n s e n s i t i v e  t o  small v a r i a t i o n s  i n  S and S,. 
S > 1.5 and S, > 2/3 S we ge t  

process  by so lv ing  f o r  no a t  d i f f e r e n t  s, values .  
11’ 
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The expressions f o r  atomic oxygen a r e  

and i f  we assume t h a t  t he  recombined oxygen f u l l y  accommodates t o  the  sur-  
face  temperature, we have f o r  molecular oxygen 

1 f o r  l a rge  S and S, and r e a l i z i n g  t h a t  Si, (0) = JT Si,  (02) 

The data can a l so  be reduced i n  another way. 
of n/no, t he re  i s  anang le  j u s t  g rea t e r  than Q = 90" at  which t h e  dens i ty  i s  
approximately independent of S. T h i s  can a l s o  be demonstrated a n a l y t i c a l l y  
by expanding n/no i n  a Taylor Ser ies  i n  Q around t h e  angle a! = 90". The first 
der iva t ive  of the  f irst  term Of ni/no with r e s p e c t  t o  a can be summed, and the 

A s  can be seen from the  graphs 
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f i r s t  d e r i v a t i v e s  of t h e  remaining terms are e a s i l y  found. 
ha:, n/no is  

To f irst  o r d e r  i n  

[ L a 2 A  +G,/$ ( a j A  + B) + 
Jrr 2 i 

Solv ing  t h e  e q u a l i t y  n( S1, a) /no = n( S2,a)  /no f o r  p a i r s  o f  ( S1,S2) where 
0 < S1 < 3.3 and 0 < S2 < 3.3, it i s  found t h a t  .8" < Ad < 4". 
t h e  d e n s i t y  r a t i o  i n  t h e  range of a between 91.8" and 94" i s  e s s e n t i a l l y  in-  
dependent of  s. This  cons t an t  value i s  dependent on temperature,  bu t  i n  t h e  
temperature  
Since t h e  temperature  can be determined from t h e  Omegatron Experiment, t h e  
cons t an t  can be c a l c u l a t e d  and t h e  ambient d e n s i t y  may be read a t  an angle  
between a: = 90.8" and a: = 94" wi th  r e l a t i v e l y  l i t t l e  e r r o r .  The e r r o r  re- 
s u l t i n g  from t h e  u n c e r t a i n t y  of  a2 and a3 i s  of  second o rde r  s i n c e  t h e i r  sum 
must be u n i t y  thus  compensating f i rs t  o rde r  e f f e c t s .  Background con t r ibu t ion  
can be found by t a k i n g  readings  a t  angles  of a t t a c k  nea r  180" where t h e  ambient 
p a r t i c l e s  c o n t r i b u t e  very  l i t t l e  t o  t h e  smrce  densi ty .  

Therefore,  - - - - 

range of T = 300°K t o  1000°K t h e  cons tan t  changes by only 15%. 



CONCLUSION 

The atmospheric density and composition can be determined from measure- 
ments of the Thermosphere Probe Quadrupole experiment by using the relation- 
ships derived herein. Even in this relatively open ion source, particles which 
undergo collisions with the instrument contribute significantly to the measured 
current and must be rigorously taken into account. 
reactive gases are subject to recombination and other chemical changes on c31- 
lision with surfaces and all gases are subject to thermal transformations. 
The principal limitations in the accuracy of the measurements made by this 
open source instrument are expected to result from uncertainties in the acc3m- 
modation and recombination coefficients involved in the gas surface interactions. 
Theae uncertainties can be minimized by careful choice of materials and by 
maintaining high standards of surface cleanliness. 

Atomic oxygen and other 

A Quadrupole-Omegatron combination will be flown on a Thermosphere Probe 
The simultaneous measurement by the Omegatron of atmospheric in August 1966. 

nitrogen will provide an independent determination of the same parameters of 
the earth's atmosphere for meaningful comparison thus permitting testing the 
validity of the derived relationship and the assumptions involved. 
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APPENDIX 

~ 

An eva lua t ion  of t h e  i n t e g r a l  i n  v e l o c i t y  space of' t h e  Maxwell-Boltzmann 
d i s t r i b u t i o n  func t ion  over a cone of ha l f -angle  81 wi th  i t s  a x i s  on t h e  z a x i s .  
( Ref. 2 )  

2v u cos cp 1'" e x p -  r r  dcp = 2n Io (2 3) ( A . 3 )  
0 C02 

where 

W 

m=o 
(A.  4) 

is  t h e  hyperbol ic  Bessel  func t ion  of zero order .  

Equation (A.2) can be w r i t t e n  i n  t h e  form 
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I I n t e g r a t i n g  t h i s  w e  have 

In t roducing  t h e  normalized v e l o c i t i e s  

vZ 

c '  CO 

U s, = - z .  w = -  
0 

w e  have 

(A. 8 )  

I I 
= - n [1 - erf (sZ) 1 - "c 2 0 I 

m 

exp -W2+2S,W dW 
2k i 3 2m 0 

n 2 (wtanel)  
k! 

0 

- m  k=O x 
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with 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 

I 

- h2sec2f31 dh (A. 10) 1 h2k+l s J,< (sz,el) = 

0 

The Jk’s have the recursion relation 

Separating the m=O term in order to isolate the dependency of nc on S, and 
defining the quantities 4 given by 

1 % = (2 sec e1)2k Jk- : J z T  (A. 12) 

we have 

r 1 

H(S,,Sr,B1) = exp (A. 14) 

m=l k=l 

1 2 2  1 %=C2 + s, COS el) M, - s,  COS^ el - 
S-Y (Ai 16) 
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